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(54) SUBSTRATE TREATMENT DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To shorten a duration 
required for gas purging by efficiently removing 
remaining gas adhering on the inner wall surface of a 
furnace inlet flange and efficiently discharging it. 
SOLUTION: The substrate treatment device is provided 
with a reaction tube 30 forming a substrate area for 
treating a wafer W, a furnace inlet flange 4 holding the 
reaction tube 30, a gas supply tube 7 that is provided at 
the furnace inlet flange 4 to supply gas into the reaction 
tube 30, and a plasma generating means 32 to generate 
plasma. The plasma generating means 32 comprises a 
ring electrode 12 for discharging and is provided on the 
inner peripheral wall of the furnace inlet flange 4. It is 
also provided at the furnace inlet flange 4 adjacent to the 
gas supply tube 7 for supplying purge gas, forming a plasma generating area 26 in the 
furnace inlet flange. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A substrate processing device constituting so that the gas purge of the inside of a coil 

and a throat flange may be carried out said plasma production means generating plasma, 

when it has the following and residual gas in a coil and a throat flange is removed after 

substrate treatment. 

A coil which processes a substrate. 

A throat flange which supports said coil. 

A gas supply line which is provided in said throat flange and supplies gas in said coil via said 
throat flange. 

A plasma production means to be formed in a throat flange and to generate plasma. 



[Translation done.] 



http://www4jpdUnpit.go jp^ 2/13/2009 



JP ? 2003-289069 ? A [DETAILED DESCRIPTION] 



Page 1 of 8 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which an invention belongs] This invention relates to a substrate 
processing device, especially relates to the substrate processing device using plasma. 
[0002] 

[Description of the Prior Art]Generally, a substrate processing device, for example, a heat CVD 
system, is provided with the coil heated with a heater. This coil is supported by the throat 
flange and a gas supply line is provided in this throat flange. Reactant gas is supplied in a coil 
via a throat flange from a gas supply line, and a thin film is formed on the substrate in a coil. A 
gas purge is performed in order to remove the residual gas after membrane formation and in a 
coil and a throat flange. In order to discharge residual gas efficiently in the case of a gas 
purge, cycle purging which repeats a gas purge and vacuum suction and performs them may 
be performed. 
[0003] 

[Problem(s) to be Solved by the lnvention]However, even when performing cycle purging after 
membrane formation, considerable time is taken to fully remove the residual gas in a coil and a 
throat flange. Especially the residual gas adhering to a throat flange inner wall side will require 
most time for being hard to break away and making this break away. 
[0004]the technical problem of this invention solves the problem of the conventional 
technology mentioned above, discharges the residual gas after membrane formation 
efficiently, and there is in providing the substrate processing device which can shorten the time 
which the gas purge after membrane formation takes. 
[0005] 

[Means for Solving the ProblemJA throat flange which supports a coil which processes a 
substrate, and said coil according to this invention, A gas supply line which is provided in said 
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throat flange and supplies gas in said coil via said throat flange, It has a plasma production 
means to be formed in a throat flange and to generate plasma, When removing residual gas in 
a coil and a throat flange after substrate treatment, a substrate processing device constituting 
so that the gas purge of the inside of a coil and a throat flange may be carried out is provided 
said plasma production means generating plasma. 

[0006]By having constituted so that the gas purge of the inside of a coil and a throat flange 
might be carried out a plasma production means formed in a throat flange generating plasma 
when removing residual gas in a coil and a throat flange, It can be made to be able to secede 
from residual gas which adhered to a flange inner wall side by energy of plasma efficiently, 
residual gas after membrane formation can be discharged efficiently, and time which a gas 
purge takes can be shortened. 
[0007] 

[Embodiment of the lnvention]The embodiment concerning the substrate processing device of 
this invention is described using a drawing below. 

[0008]Drawing, 1 is an outline sectional view of the vertical mold heat CVD (ChemicalVapor 
Deposition) device using the plasma concerning an embodiment of the invention. 
[0009]A heat CVD system is provided with the resistance heating heater 1 as a heating 
method. The external coil 2 made from quartz is formed inside the heater 1 , and the internal 
coil 3 made from quartz is concentrically allocated inside the external coil 2. The coil 30 which 
processes the wafer W comprises the external coil 2 and the internal coil 3. The external coil 2 
and the internal coil 3 are set up for example, on the metal throat flange 4. The lower end of 
the throat flange 4 is airtightly blockaded by the throat cap 5. The boat 6 is set up by the throat 
cap 5 via the boat cap 31 , and it is inserted into the internal coil 3. The wafer W by which batch 
processing is carried out to the boat 6 is loaded into a tube axial direction by multistage by a 
horizontal position. The boat 6 is supported by the boat elevator 10, enabling free rise and fall. 
[0010]The gas supply line 7 is connected to the lower part of the throat flange 4, and it is open 
for free passage with the internal coil. The exhaust pipe 9 is connected to the throat flange 4 
so that it may be open for free passage to the lower end of the cylindrical space 8 formed 
between the external coil 2 and the internal coil 3. 

[001 1]A plasma production means 32 to generate plasma is formed in the throat flange 4. This 
plasma production means 32 is formed near the gas supply line 7 of the throat flange 4 (it is 
the downstream of a gas stream from the gas supplying port of a gas supply line), and it is 
constituted so that the gas supplied in the coil 30 from the gas supply line 7 can be activated 
by plasma if needed. In the example of a graphic display, the plasma production means 32 
mainly comprises an electrode pattern which performs high frequency discharge, and is 
formed in the inside of the throat flange 4 via the insulator. 

[0012]Near [ in which the plasma production means 32 is formed ] the throat flange 4, like the 
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example of a graphic display, when a throat flange other than the inside of the throat flange 4 
is formed with an insulator, the exterior of the throat flange 4 is also included. When a gas 
supply line other than the neighborhood of the gas supply line 7 is formed with an insulator like 
the example of a graphic display near [ in which the plasma production means 32 is formed ] 
the gas supply line 7, the gas supply line itself is contained. Publicly known means other than 
high frequency discharge may be used for the plasma production means 32. 
[0013]Here, the field where plasma is generated by the throat flange 4 by the substrate 
treatment field 24 and the plasma production means 32 in the field where the wafer W in the 
coil 30 is processed is called plasma production field 26. 

[0014]Between this substrate treatment field 24 and the plasma production field 26, the plasma 
control means 1 1 which controls the quantity of the plasma which flows into the substrate 
treatment field 24 from the plasma production field 26 is established. This plasma control 
means 1 1 controls the gas thru/or active species which controlled only plasma and was 
activated. The field which controls plasma by the plasma control means 1 1 here is called 
plasma-control field 25. what comprised the throat flange 4 which supports the heater 1, the 
coil 30, and the coil 30 — a reactor - or it is only called a furnace. 

[001 5] Drawing 2 is an enlarged drawing in the right half of the symmetrical furnace lower part 
shown in drawing 1. 

[0016]The throat flange 4 comprises a barrel the upper and lower sides of carried out the 
opening. The upper flange part 4b and the lower flange portion 4c are formed in the up-and- 
down opening of the throat flange 4. The external coil 2 is supported from a lower part by the 
upper flange part 4b. The heater 1 is formed in the periphery of the external coil 2. The internal 
coil retaining ring 4a projected to the method of the inside of a diameter direction is formed 
above the inner circle wall of the throat flange 4. The internal coil 3 is supported from a lower 
part with the internal coil retaining ring 4a. The substrate treatment field 24 is formed in the 
internal coil 3 with which the boat 6 is inserted. 

[0017]The exhaust pipe 9 connected to a vacuum pump (not shown) etc. is formed in the 
throat flange 4 corresponding to the lower end of the cylindrical space 8 formed between the 
internal coil 3 and the external coil 2. The throat cap 5 is contacted by the lower flange part 4c 
of the throat flange 4, and a throat is closed. The boat cap receptacle 33, the boat cap 31 , and 
the boat 6 which are inserted into the internal coil 3 and the throat flange 4 are established in 
this throat cap 5 sequentially from the bottom. 

[0018]The gas supply line 7 shown by a white arrow is formed in the throat flange 4, and 
supplies gas in the coil 30 via the throat flange 4. Here, the case where both the gas 17a which 
needs to be activated to membrane formation, and the gas 16a which does not need to be 
activated are used is explained. The gas supply line 7 comprises the 1st gas supply line 17 
that supplies the gas 17a which needs to be activated by the energy of plasma, and the 2nd 
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gas supply line 16 that supplies the gas 16a which does not need to be activated. The 1st gas 
supply line 17 is open for free passage in the plasma production field 26 in the throat flange 4, 
and is opening the 2nd gas supply line 16 for free passage to the plasma-control field 25 
mentioned later. 

[0019]The plasma production means 32 is formed near the 1st gas supply line 17, and it is 
constituted and is [ feel shy and ] so that the gas supplied in the coil 30 from the 1st gas supply 
line 1 7 may be activated by plasma. That is, it is an inner circle wall of the throat flange 4, and 
a plasma production means 32 to generate plasma is exactly formed in the mid-position of the 
internal coil retaining ring 4a and the lower flange part 4c. This plasma production means 32 is 
provided with the electrode pattern 12 of the ring shape established via the insulator 13 in 
accordance with the inner circumference of the throat flange 4. RF generator 35 is connected 
to the electrode pattern 12 electrically insulated from the throat flange 4 by the insulator 13 via 
the consistency machine 34. The high-frequency power of RF generator 35 is impressed to the 
electrode pattern 12, a high frequency electric field is formed between the electrode pattern 12 
and the throat cap 5 grounded, and plasma is generated by this high frequency electric field in 
the throat flange 4. The field where plasma is generated by the gas supplied in the throat 
flange 4, and plasma is generated turns into the plasma production field 26. The gas supplied 
in this plasma production field 26 is activated by plasma. 

[0020]When the throat flange 4 is metal, as mentioned above, the electrode 12 is insulated 
with a ground on both sides of the insulator 1 3, but when the throat flange 4 is an insulator, it is 
not necessary to insert an insulator. In short, the electrode pattern 12 should just be the 
structure where it does not fall to a ground. 

[0021 ]lt is between the internal coil retaining ring 4a in the throat flange 4, and the boat cap 
receptacle 33, and the plasma control means 11 which controls plasma is formed in the 
channel where the gas supplied in the throat flange 4 flows in the upper internal coil 3. Plasma 
cannot trespass upon the substrate treatment field 24 easily, thru/or he is trying not to 
generate the plasma control means 1 1 in the substrate treatment field 24 by forming the 
plasma-control field 25 which regulates the through put of the plasma generated in the plasma 
production field 26. The gas 16a which does not need to be activated by plasma is introduced 
into this plasma-control field 25 from the 2nd feed pipe 16, as mentioned above. 
[0022]The plasma control means 11 comprises the bending ring 36a which, from now on, 
projected the edge 36 of ring shape over the method of the outside of a diameter direction, 
bent the tip side above the tube axial direction, and made the section abbreviation L shape the 
peripheral wall of the boat cap receptacle 33, for example. The winding gas passageway 25a 
which leads to the substrate treatment field 24 in the coil 30 from the plasma production field 
26 in the throat flange 4 by this is formed. In the example of a graphic display, further, in 
addition to the bending ring 36a, the ring 37 was made to hang concentrically towards the pars 
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basilaris ossis occipitalis of the bending ring 36a from the peripheral edge of the internal coil 
retaining ring 4a of the throat flange 4 located in the boat cap receptacle 33 upper part, and the 
number of times of meandering of the gas passageway 25a is increased. These meandering 
passages 25a serve as the plasma-control field 25. The rings 36a and 37 which constitute the 
plasma control means 1 1 consist of materials, such as the construction material which does 
not have an adverse effect on membrane formation, for example, metal, and an insulator. 
[0023]The mechanism by which plasma is controlled by the composition of such a plasma 
control means 11 is as follows. Since the electric charge charged in negative [ in plasma ] with 
the rings 36a and 37 is intercepted and a negative charge does not flow into the substrate 
treatment field 24, it is controlled that plasma is generated by the substrate treatment field 24. 
The negative charge in the plasma diffused to the substrate treatment field 24 by the 
meandering passages 25a is controlled. Control includes electric control and mechanical 
control concretely. 

[0024]Electric control controls the electron electrified in negative fundamentally. When the 
rings 36a and 37 which constitute the plasma control means 1 1 are constituted from metal and 
the rings 36a and 37 are made into ground potential, in order to control the electron diffused in 
a ground, a sheath is formed between the rings 36a and 37 and plasma. An electron is 
opposed by the sheath potential and the electron diffused into the substrate treatment field 24 
is controlled. Since the electron diffused to the rings 36a and 37 is controlled also when it 
floats without grounding the rings 36a and 37 and is considered as floating potential, it controls 
that the rings 36a and 37 are charged in negative, sheath potential becomes large further, and 
an electron is spread. 

[0025]When the rings 36a and 37 comprise an insulator, similarly, the rings 36a and 37 are 
charged in negative, and a sheath is formed. The electron which an electron is opposed by the 
sheath potential and diffused to a substrate treatment field is controlled. When enlarging 
sheath potential, or in changing the potential of the rings 36a and 37 arbitrarily, it provides the 
power supply for performing it. 

[0026]Mechanical control controls that negative charge is spread by the winding channel 25a. 
But since an electron is farther [ than the mass of a gas molecule ] small, rather than 
mechanical control, an electron is easily opposed by electric control and diffusion of the 
electron into the substrate treatment field 24 is controlled. 

[0027]lt is only the plasma which the rings 36a and 37 which constitute the plasma control 
means 1 1 control, and it is necessary to make it not control neutrality gas thru/or active 
species electrically. Therefore, in order to improve as the activated species gases and gas 
which were generated in the plasma production field 26 in the throat flange 4, when constituted 
from mesh state or slit shape, it is much more desirable, 

[0028]Control of the plasma diffused into the substrate treatment field 24 or the promotion of 
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generation of the plasma in the substrate treatment field 24 is controlled by these control 
methods. As a result, the damage by the plasma of a wafer can be prevented effectively. 
[0029]Next, how to process the wafer W with the heat CVD system of this embodiment 
mentioned above is explained. The method of processing a substrate using this device is the 
same as the method of processing a wafer using the conventional vertical mold heat CVD 
system, fundamentally. 

[0030]That is, the boat 6 is loaded with the wafer W and the boat 6 is inserted into the coil 30 
via the throat cap 5 after that with the boat elevator 10. After the throat cap 5 seals the lower 
end of the throat flange 4 thoroughly, the degree of furnace temperature is stabilized with the 
heater 1 . The inside of a furnace is exhausted by the vacuum suction from the exhaust pipe 9, 
and furnace pressure is stabilized. Membranes are formed on the wafer W by exhausting from 
the exhaust pipe 9, supplying two or more sorts of gas for processing in the coil 30 via the 
throat flange 4 from the gas supply line 7, after stabilizing temperature and a pressure. Two or 
more sorts of gas for processing is activated by the plasma generated by the plasma 
production means 32 if needed, and supplies. Under the present circumstances, when 
supplying from the 1st gas supply line 17 when supplying the gas 17a which needs to be 
activated, and supplying the gas 16a which does not need to be activated, it supplies from the 
2nd gas supply line 16. As a type of gas, DCS (dichlorosilane: SiH 2 CI 2 ) is used as gas 16a gas 

which does not need to activate NH as the gas 17a which needs to be activated, for example. 

The film formed at this time is an Si 3 N 4 film. 

[0031]After membrane formation, after the plasma production means 32 has generated 
plasma, the gas purge of the inside of a reactor is carried out, and residual gas is removed. 
Although what is necessary is just to supply purge gas from the 1st gas supply line 17 at least, 
it may be made to supply from both the 1st gas supply line 17 and the 2nd gas supply line 16. 
In the case of a gas purge, it is preferred to carry out cycle purging which repeats a gas purge 
and vacuum suction two or more times, and performs them. Then, the boat 6 is taken out from 
the inside of the coil 30, and the wafers W after processing are collected. 
[0032]The point that the disposal method of the embodiment differs from the method of 
processing a substrate using the conventional vertical mold heat CVD system here, When 
removing the residual gas in a reactor after membrane formation, it is a point which carries out 
the gas purge of the inside of the reactor 30, i.e., a coil, and the throat flange 4 after the 
plasma production means 32 has generated plasma. A gas purge is removing the residue in a 
reactor, a pollutant, etc. and defecating the inside of a reactor by supplying and exhausting 
purge gas (for example, inactive gas, such as nitrogen, argon, and helium etc.) in a reactor. 
There are the method of exhausting, after being filled up with purge gas in a reactor besides 
the method of exhausting while supplying purge gas in a reactor and suspending supply of 
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purge gas, etc. 

[0033]As mentioned above, when removing the residual gas in a coil and a throat flange in this 
embodiment, Since it was made to carry out the gas purge of the inside of a coil and a throat 
flange, the plasma production means formed in the throat flange generating plasma, it can be 
made to secede from the residual gas which adhered to the flange inner wall side by the 
energy of plasma efficiently. Therefore, residual gas can be discharged efficiently and the time 
which a gas purge takes can be shortened compared with the case where a gas purge is 
carried out without generating plasma. 

[0034]The mechanism which can be made to secede from the residual gas adhering to a 
flange inner wall side efficiently is as follows by carrying out a gas purge here, generating 
plasma. With first, the residual gas adhering to a flange inner wall side. For example, in the 
case where an Si N film is formed using NH and DCS, They are gas of a chlorine system 

produced by decomposition of DCS, and unreacted NH 3> It is unreacted PH 3 , when forming 

the silicone film (doped polysilicon film) in which Lynn was doped using silane system gas and 
PH 3 , or when doping Lynn to a silicone film using PH 3 . 

[0035]Since the energy more than thermal energy can be given by exciting purge gas (N 2 or 

Ar) by plasma, and giving this excitation energy to the residual gas adhering to a flange inner 
wall side, It can be made to secede from residual gas more efficiently than secession of the 

residual gas by heating of a throat flange. It is accelerated with a sheath, and N + ionized by 
plasma or Ar + can carry out the weld slag of the adhering residual gas, and can make it 
secede from it efficiently. 

[0036]Although the embodiment mentioned above explained the case where the residual gas 
in a reactor was removed after membrane formation, this invention is not limited to this, but 
also when removing the residue and residual gas which were produced by cleaning after the 
cleaning in a reactor, it can be applied. For example, when the inside of a reactor is cleaned 
using NF Q and CIF as cleaning gas, residual gas and residue of a fluorine system which are 

produced by decomposition of NF or CIF adhere to a flange inner wall side etc. Even in this 

case, if it is made to carry out the gas purge of the inside of a coil and a throat flange, the 
plasma production means formed in the throat flange after cleaning generating plasma, 
residual gas and cleaning residue are efficiently removable. It is preferred to carry out cycle 
purging which repeats a gas purge and vacuum suction two or more times, and performs them 
also in this case. 
[0037] 

[Effect of the InventionjSince according to this invention it was made to carry out the gas purge 
of the inside of a coil and a throat flange, the plasma production means formed in the throat 
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flange generating plasma when removing the residual substance in a reactor, A residual 
substance can be discharged efficiently and the time which a gas purge takes can be 
shortened compared with the case where a gas purge is carried out without generating 
plasma. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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